ELECTRO'CfPTcAL device and MANUFACTURING method 
THEREOF 



BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to an electro-optical device typified by an EL 
(electroluminescence) display device formed by fabricating semiconductor elements 
(elements using a semiconductor thin film) on a surface of a substrate, and an electronic 
device including the electro-optical device as a display. Particularly, the invention relates 
to a method of manufacturing the same. 



10 2. Description of the Related Art 

In recent years, a technique for forming a thin film transistor (hereinafter reterred 
to as a "TFT") on a substrate has made remarkable progress, and its application and 
development to an active matrix type display device has proceeded. Especially, since a 
TFT using a semiconductor film that has a crystal structure (e.g., a polysilicon film) has 

15 a field effect mobility higher than a conventional TFT using an amorphous silicon film, 
a high speed operation can be made. Thus, it becomes possible to form a driving circuit 
that is connected to a pixel portion from the TFT, and to form the driving circuit on the 
same substrate. 

Attention has been paid to such an active matrix type display device since various 
20 merits, such as reduction of manufacturing cost, miniaturization and thinning of a display 
device, increase of yield, and increase of throughput, can be obtained by forming various 
circuits and elements on the same substrate. 

In the active matrix type EL display device, a switching element made of a TFT is 
provided for each pixel, and a driving element for making current control is operated by 
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er^^ rhat an EL laver (light emitting la^P^.s 



the switching elemenf!o that an EL layer (light emitting la^r>is made to emit light. For 
example, there is an EL display device disclosed in US Patent No. 5,684,365 (see Japanese 
Patent Application Laid-open No. Hei 8-234683), or Japanese Patent Application Laid- 
open Publication No. Hei 10-189252. 
5 In methods of color display by these EL display devices, there have been trials of 

arranging EL layers which emit light of the three primary- colors red (R), green (G), and 
blue (B) in each pixel. However, nearly all of the materials generally used as EL layers are 
organic materials, and it is difficult to apply a photolithography technique used in micro- 
machining as is. The reason is that the EL materials themselves are extremely weak with 
10 respect to moisture, and their handling is difficult in that they will easily dissolve in even 
a developer solution. 

A technique of forming the EL layers by an ink-jet method has been proposed as a 
technique of solving these types of problems. For example, in Japanese Patent 
Application Laid-open No. Hei 10-012377 an active matrix type EL display in which the 
15 EL layer is formed by the ink-jet method is disclosed. Further, a similar technique is also 
disclosed in Shimada, T., et al., "Multicolor Pixel Patterning of Light-Emitting Polymers 
by Ink-jet Printing," SID 99 DIGEST, pp. 376-379. 

It becomes possible to form an EL layer for each single pixel with the ink-jet method, 
and a process of patterning after forming the EL layer can be omitted. However, tor both 
20 an active matrix type EL display device and for a passive type EL display device, as the 
screen size becomes larger and the pixel density increases, requirements for high positional 
precision and high speed processing increase. 

SUMMARY OF THE INVENTION 

The present invention aims to simplify the formation of an EL layer by an ink-jet 
25 method, and to perform high speed processing. An object of the present invention is to 
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provide a method of Hufactunng a high operation perforrffce, high reliability electro- 
optical device, m particular a method of manufacturing an EL display device. In addition, 
an object of the present invention is to increase the quality of an electronic device having 
the EL display device as a display by increasing the picture quality of the electro-optical 
5 device. 

In order to achieve the above objects, an EL layer is formed so as to be continuous 
over a plurality of pixels when the EL layer is formed by the ink-jet method. Specifically, 
the EL layers are formed continuously in a stripe pattern corresponding to a certain 
selected row or a column of pixel electrodes arranged in an m-column by n-row matrix 
10 state. Alternatively, an oblong shape or a rectangular shape EL layer is formed for each 
pixel electrode. 

A predetermined pattern is formed with the ink jet method by repeatedly performing 
positional control of an ink head and discharge of ink (when an EL layer is formed, a 
liquid containing the EL layer material) . Note that if the screen size becomes large or the 
15 pixel density becomes high, then the amount of processing time by this method for 
forming the EL layers corresponding to each pixel electrode becomes enormous. 
However, with the above method of forming the stripe state or the oblong or rectangular 
shapes, it becomes possible to form the EL layers by continuously scanning the ink head 
and the amount of processing time can be shortened. 
20 In manufacturing a color display EL display device, EL layers corresponding to each 

or the colors red, green, and blue may be formed so as to form stripes, or m an oblong 
shape or a rectangular shape. This type of EL layer and EL layer manufacturing method 
can be applied to an active matrix type display and to a passive matrix type display. 

In addition, the diffusion of alkali metals from EL elements formed by the ink-jet 
25 method is prevented by an insulating film (passivation film) formed between the EL 
elements and TFTs with the present invention. Specifically, an insulating film for 
preventing transmission of alkali metals is formed on a leveling film covering the TFTs. 



In other words, a nJHrial may be used in which the dinrRbn speed of alkali metals 
throughout the insulating film at the operation temperature of the EL display device is 
sufficiently low. 

Preferably, an insulating film through which moisture and alkali metals are not 
5 transmitted and having a high thermal conductivity (high heat radiating effect) is 
selected, and the insulating film is formed contacting the EL elements, or more preferably 
that type of insulating film has a state in which it surrounds the EL elements. Namely, 
the insulating film having a blocking effect against moisture and alkali metals, and having 
a heat radiating effect, is formed in a location as close as possible to the EL elements, and 
10 deterioration of the EL elements is suppressed by the insulating film. 

Further, when a single layer cannot be used as that type of insulating film, an 
insulating film having a blocking effect against moisture and alkali metals, and an 
insulating film having a heat radiating effect can be laminated and used. In addition, an 
insulating film having a blocking effect against moisture, an insulating film having a 
15 blocking effect against alkali metals, and an insulating film having a heat radiating effect 
can also be laminated and used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A to 1C are diagrams for explaining the concept of continuously forming EL 
layers by an ink-jet method according to the present invention; 
20 Figs. 2 A and 2B are diagrams for explaining the concept of forming EL layers so as 

to form stripes or continuously forming the EL layers with respect to pixel electrodes 
arranged in a matrix state of the present invention; 

Figs. 3A and 3B are diagrams for explaining an ink-jet method of the present 
invention; 

25 Fig. 4 is a diagram for explaining the concept of continuously forming EL layers by 
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the ink-jet method sSrding to the present invention; 

Fig. 5 is a diagram showing the cross sectional structure of the pixel portion of an 
EL display device of the present invention; 

Figs. 6 A and 6B are diagrams showing the top structure and the configuration, 
5 respectively, of a pixel portion of an EL display device of the present invention; 

Figs. 7A to 7E are diagrams showing manufacturing processes of an active matrix 
type EL display device of Embodiment 1; 

Figs. 8A to 8D are diagrams showing manufacturing processes of an active matrix 
type EL display device of Embodiment 1; 
10 Figs. 9A to 9C are diagrams showing manufacturing processes of an active matrix 

type EL display device of Embodiment 1; 

Fig. 10 is a diagram showing an external view of an EL module of Embodiment 1; 
Fig. 1 1 is a diagram showing the circuit block structure of an EL display device of 
Embodiment 1; 

15 Fig. 12 is an enlarged diagram of the pixel portion of an EL display device of the 

present invention; 

Fig. 13 is a diagram showing the element structure of a sampling circuit of an EL 
display device of Embodiment 1; 

Fig. 14 is a top view showing an EL module of Embodiment 1; 
20 Figs. 15 A and 15B are cross sectional diagrams showing a sealed structure of an EL 

display device of Embodiment 1; 

Figs. 16A to 16E are diagrams showing a manufacturing process of a passive type EL 
display device of Embodiment 3 ; 

Fig. 17 is a diagram for explaining the structure of an apparatus for manufacturing 
25 an EL display device of Embodiment 4; 

Fig. 18 is a diagram showing the cross sectional structure of the pixel portion of an 
EL display device of Embodiment 2; 



Figs. 19A to 1 Wire diagrams showing specific exam^Bof electronic equipment of 
Embodiment 6; 

Figs. 20A and 20B are diagrams showing specific examples of electronic 
equipment; 

5 Figs. 21 A and 2 IB are diagrams for explaining the pixel arrangement of a pixel 

portion of Embodiment 6; and 

Fig. 22 is a microscope photograph of a test piece on which EL layers are formed 
continuously by the ink-jet method of Embodiment 7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 [Embodiment Mode 1] 

Figs. 1 A to 1C are diagrams for explaining the concept of the present invention. Fig. 
1A shows a structure in which a pixel portion 102, a scanning line side driver circuit 103, 
and a data line side driver circuit 104 are formed on a substrate 101. Separation layers 
105 are formed so as to form stripes in the pixel portion 102, and EL layers are formed 

15 between each separation layer. The separation layers 105 are formed in order that 
adjacent EL layers do not mutually mix when forming the EL layers by an ink-jet 
method. 

EL layers 106 are formed by discharging a liquid containing an EL material trom an 
ink head 107. There are no particular limitations on EL layer materials, but to perform 
20 color display EL layers 106R, 106G, and 106B may be formed corresponding to red, green, 
and blue, respectively. 

Figs. 2 A and 2B are diagrams for explaining details of the formation of the EL layers 
in the pixel portion. In Fig. 2 A, a plurality of current control TFTs 122 and a plurality 
of pixel electrodes 123 for connecting to the current control TFTs are formed, 
25 corresponding to each pixel, and arranged in a matrix state in the pixel portion 1 20, and 
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the state of an EL la^l21 formed so as to form stripes copending to a selected row 
or column of the pixel electrodes is shown. EL layers 121R, 121G, and 121B 
corresponding to red, green, and blue, respectively, may be formed as shown in the figure 
for performing color display. 
5 Further, EL layers 1 24 may also be formed to have an oblong shape or a rectangular 

shape corresponding to current control TFTs 125 arranged in a matrix state in a pixel 
portion 120 and pixel electrodes 126 connected to the current control TFTs 125. To 
perform color display, EL layers 124R, 124G, and 124B are similarly formed as shown in 
the figure. 

10 Fig. IB is a cross sectional diagram of the schematic diagram shown by Fig. 1 A, and 

shows the state in which the scanning line side driver circuit 103 and the pixel portion 
102 are formed on the substrate 101. The separation layers 105 are formed in the pixel 
portion 102, and the EL layers 106R, 106G, and 106B are formed between each 
separation layer. The ink head 107 is part of the ink-jet method, and ink dots 108R, 
15 108G, and 108B corresponding to the colors red, green, and blue, respectively, are 
discharged corresponding to a control signal. The discharged ink dots 108R, 108G. and 
108B adhere to the substrate, and function as EL layers after later being dried or fired. 
As shown in Figs. 2A and 2B, the present invention is characterized in that the ink dots 
are formed having a continuous stripe shape, or an oblong or a rectangular shape on the 
20 substrate. The ink head may be scanned in one direction for every row or column, and 
therefore the processing time for forming the EL layers can be reduced. 

Fig. 1C is a diagram for explaining the pixel portion in additional detail, and current 
control TFTs 1 10 and pixel electrodes 1 12 connected to the current control TFTs 1 10 
are formed on the substrate, and the EL layers 106R, 106G, and 106B are formed between 
25 the separation layers 105 on each pixel electrode. It is also preferable to form insulating 
films 1 1 1 having a blocking effect against alkali metals between the pixel electrodes 112 
and the current control TFTs 1 10. 
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Figs. 3A and 3rSR diagrams for explaining the strucffrriof the inkhead, and show 
an example in which the piezo method is used. Reference numeral 13 1 designates a piezo 
element (piezoelectric element); 132, a casing; and 133, an EL forming solution. When 
a voltage is applied, the piezo element is deformed, and the casing 132 is also deformed. 
5 As a result, as shown in Fig. 3B, the EL forming solution 133 inside thereof is ejected as 
a droplet 134- Like this, by controlling the voltage applied to the piezo element, 
application of the EL forming solution is carried out. In this case, since the EL forming 
solution 133 is pushed out by a physical external pressure, its composition etc. is not 
influenced at all. 

10 Fig. 4 similarly is a diagram for explaining the concept of the present invention, and 

first separation layers 145 and second separation layers 146 formed orthogonal to the first 
separation layers 145 are formed in a pixel portion 142 formed on a substrate 141. EL 
layers 147 are formed in portions which are surrounded between the first separation layers 
146 and the second separation layers 146. The first separation layers 145 and the second 

15 separation layers 146 are formed corresponding to each pixel electrode. The EL layers are 
formed by discharging an EL forming liquid containing an EL material from an ink head 
148. EL layers HSR, 148G, and 148B may be formed corresponding to red, green, and 
blue, respectively, for performing color display. 
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[Embodiment Mode 2] 

An active matrix type EL display device of the present invention is explained with 
reference to Figs. 5, 6 A and 6B. Shown in Fig. 5 is a cross sectional diagram of a pixel or 
the active matrix type EL display device of the present invention, and Fig. 6A is a top 
view, and Fig. 6B is a circuit structure of the active matrix type EL display device. In 
practice, a plurality of these types of pixels are arranged in a matrix state, forming a pixel 
25 portion (image display portion) . 

Note that the cross sectional diagram of Fig. 5 shows a cross section cut along the 
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line A- A' in the top^lw shown in Fig. 6A. Common numerals are used in Fig. 5 and in 
Figs. 6A and 6B, and therefore the three figures may be referenced as appropriate. 

In Fig. 5, reference numeral 11 denotes a substrate, and reference numeral 12 
denotes an insulating film serving as a base film. A glass substrate, a glass ceramic 
5 substrate, a quartz substrate, a silicon substrate, a ceramic substrate, a metallic substrate, 
or a plastic substrate (including a plastic film) can be used as the substrate 11. 

Further, the base film 12 is especially effective for cases in which a substrate 
containing mobile ions, or a substrate having conductivity, is used, but need not be 
formed for a quartz substrate. An insulating film containing silicon may be formed as the 
10 base film 12. Note that the term "insulating film containing silicon" indicates, specifically, 
an insulating film such as a silicon oxide film, a silicon nitride film, or a silicon nitride 
oxide film (denoted by SiOxNy) containing silicon, oxygen, and nitrogen in 
predetermined ratios. 

Further, by making the base film 12 possess a heat radiating effect, it is also effective 
15 in preventing degradation of the TFTs and deterioration of EL elements due to the 
emission of heat generated by the TFTs. In this case, an alloy material containing AL 
such as an aluminum (Al) oxide or nitride, may also be formed. 

Two TFTs are formed inside the pixels. Reference numeral 201 denotes a TFT 
functioning as a switching element (hereafter referred to as a switching TFT), and 
20 reference numeral 202 denotes a TFT functioning as an current control element for 
controlling the amount of current flowing to the EL elements (hereafter referred to as a 
current control TFT). Both are formed from n-channel TFTs. 

Note that it is not necessary to limit the switching TFT and the current control TFT 
to n-channel TFTs, and that it is possible to use p-channel TFTs for either the switching 
25 TFT or the current control TFT, or for both. In any cases, selection of TFT type is made 
based on polarity of bias voltage applied to the EL element that is connected to the 
current control TFT. 
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The switching T^ - 20 1 is formed having: an active layercontaining a source region 
13, a drain region 14, LDD regions 15a to 15d, a high concentration impurity region 16, 
and channel forming regions 17a and 17b; a gate insulating film 18; gate electrodes 19a 
and 19b, a first interlayer insulating film 20, a source wiring 21, and a drain wiring 22. 

Though not shown, the gate electrodes 19a and 19b may be a double gate structure 
electrically connected by a gate wiring which is formed from a different material (a 
material having a lower resistance than the gate electrodes 19a and 19b). With this 
configuration, the device can deal with enlarged display size. Of course, not only a double 
gate structure, but a so-called multi-gate structure (a structure containing an active layer 
having two or more channel forming regions connected in series), such as a triple gate 
structure, may also be used. The multi-gate structure is extremely effective in lowering 
the value of the off current, and by making the switching element 201 of the pixel into 
a multi-gate structure with the present invention, a low off current value can be realised 
for the switching element. 

The active layer is formed from a semiconductor film containing a crystal structure. 
In other words, a single crystal semiconductor film may be used, and a polycrystalline 
semiconductor film or a microcrystalline semiconductor film may also be used. Further, 
the gate insulating film 18 may be formed from an insulating film containing silicon. 
Additionally, known wiring materials represented by Al. tantalum (Ta), tungsten (w) , and 
the like can be used for the gate electrodes, the source wiring, and the drain wiring. 

In addition, the LDD regions 15a to 15d in the switching TFT 201 are formed 
sandwiching the gate insulating film 18, and so as not to overlay with the gate electrodes 
17a and 17b. This structure is extremely effective in reducing the off current value. 

Note that the formation of an offset region (a region having the same composition 
as the channel forming regions, and to which a gate voltage is not applied) between the 
channel forming regions and the LDD regions is more preferable for reducing the off 
current value. Further, when a multi-gate structure having two or more gate electrodes 
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is used, the high coffntration impurity region formed Keen the channel forming 
regions is effective in lowering the value of the off current. 

By thus using the multi-ate structure TFT as the switching element 201, as above, 
a switching element having a sufficiently low off current value is realized by the present 
invention. The gate voltage of the current control TFT can therefore be maintained for 
a sufficient amount of time (for a period from one selection until the next selection) 
without forming a capacitor, such as the one illustrated in Fig. 2 in Japanese Patent 
Application Laid-open No. Hei 10-189252. 

Namely, it becomes possible to eliminate the capacitor which has conventionally 
been a causes of reduction in effective luminescence surface area, and it becomes possible 
to increase the effective luminescence surface area. This means that the image quality 
of the EL display device can be made brighter. 

The current control TFT 202 is formed having an active layer containing: a source 
region 3 1, a dram region 32, an LDD region 33, and a channel forming region 34; a gate 
insulating film 18; a gate electrode 35; a first interlayer insulating film 20; a source wiring 
36; and a dram wiring 37. Note that the gate electrode 35 has a single gate structure, but 
may also have a multi-gate structure. 

As shown in Figs. 6A and 6B, the dram of the switching TFT is electrically 
connected to the gate of the current control TFT. Specifically, the gate electrode 35 of 
the current control TFT 202 is electrically connected to the dram region 14 of the 
switching TFT 201 through the dram wiring (also referred to as a connection wiring) 22. 
Further, the source wiring 36 is connected to an current supply wiring 212. 

A characteristic of the current control TFT 202 is that its channel width is larger 
than the channel width of the switching TFT 201. Namely, as shown in Fig. 12, when 
the channel length of the switching TFT is taken as LI and its channel width as Wl, and 
the channel length of the current control TFT is taken as L2 and its channel width as 
W2, a relational expression is reached in which W2 / L2 > 5 x Wl / LI (preferably W2 
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/ L2 > 10 x Wl / Ll^onsequently, it is possible for morTOrrent to easily flow in the 
current control TFT than in the switching TFT. 

Note that the channel length LI of the multi-gate structure switching TFT 201 is 
the sum of each of the channel lengths of the two or more channel forming regions 
5 formed. A double gate structure is formed in the case of Fig. 12, and therefore the sum 
of the channel lengths Lla and Lib, respectively, of the two channel-forming regions 
becomes the channel length LI of the switching TFT 201. 

The channel lengths LI and L2, and the channel widths Wl and W2 are not 
specifically limited to a range of values with the present invention, but it is preferable that 
10 Wl be from 0.1 to 5 /xm (typically between 1 and 3 /xm), and that W2 be from 0.5 to 30 
/xm (typically between 2 and 10 /xm). It is preferable that LI be from 0.2 to 18 /xm 
(typically between 2 and 15 /xm), and that L2 be from 0.1 to 50 /xm (typically between 1 
and 20 /xm) at this time. 

Note that it is preferable to set the channel length L somewhat long in order to 
15 prevent excess current from flowing in the current control TFT 202. It may preferably 
be set such that W2 / L2 >. 3 (more preferably W2 / L2 > 5). It is preferable that the 
amount of current flow per pixel is from 0.5 to 2 /xA (more preferably, from 1 to 1.5 
/xA). 

By setting the numerical values within this range, all standards, from an EL display 
20 device having a VGA class number of pixels (640 x 480) to an EL display device having 
a high vision class number of pixels (1920 x 1080) can be included. Furthermore, the 
length (width) of the LDD region formed in the switching TFT 201 is set from 0.5 to 3.5 
/xm, typically between 2.0 and 2.5 /xm. 

Further, the EL display device shown in Fig. 5 is characterized in that, in the current 
25 control TFT 202, the LDD region 33 is formed between the dram region 32 and the 
channel forming region 34, and in that the LDD region 33 has a region which overlaps 
the gate electrode 35 through the gate insulating film 18, and a region which does not 
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overlap the gate inserting film 18. 

The current control TFT 202, at the same time as supplying current for emitting 
light from an EL element 204, is capable of controlling the amount of current supplied, 
performing gradation display. Therefore, it is necessary to dev.se a countermeasure 
5 against deterioration due to hot carrier injection so that the TFT does not degrade even 
if a large current flows. Furthermore, the current control TFT 202 is set to an off state 
when drsplaying the color black, and if the value of the off current ,s h, g h ar that time, 
then the color black cannot be displayed clearly, leading to lowered contrast. It is 
therefore also necessary to control the value of the off current. 
10 Regarding deterioration due to hot carrier injection, it is known that a structure in 

„h,ch the LDD region overlaps the gate electrode is extremely effective. However, if the 
enure LDD region is made to overlap with the gate electrode, then the value of the off 
current increases, and therefore the applicant of the present invention resolved the hot 
earner countermeasure and the off current value countermeasure at the same time by a 
15 novel structure in which an LDD region is formed in series and does not overlap the gate 
electrode. 

The length of the LDD region which overlaps the gate electrode may be set from 0. 1 
to 3 M m (preferably between 0.3 and 1.5 H at this point. Too long and the parasitic 
capacity will become large; too short and the hot carrier prevention effect will become 
20 weak. Further, the length of the LDD region whrch does not overlap the gate electrode 
m av be set from 1.0 to 3.5 tun (preferably between 1.5 and 2.0 ^m). If it is too long, then 
sufficient current cannot flow, while if it is too short, then the effect of reducing the value 
of the off current will weaken. 

Further, a parasitic capacitance is formed in the tegion in which the gate electrode 
25 and the LDD region overlap in the above structure, and therefore it is preferable to form 
this between the source region 31 and the channel forming region 34. The current 
control TFT always has the identical carrier (electron here) flow direction, and therefore 
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it is sufficient to fornMe LDD region in only the drain refln side. 

Furthermore, from the viewpoint of increasing the amount of current that is able to 
flow, it is effective to make the film thickness of the active layer (in particular, the 
channel forming region) of the current control TFT 202 thicker (preferably from 50 to 
100 nm, even better from 60 to 80 nm) . On the other hand, for the case of the switching 
TFT 201, seen from the point of view of making the value of the off current smaller, it is 
also effective to make the film thickness of the active layer (in particular, the channel 
forming region) thinner (preferably from 20 to 50 nm, even better between 25 and 40 
nm). 

The film thickness of a first passivation film 41 may be set from 10 nm to 1 pm 
(preferably between 200 and 500 nm). An insulating film containing silicon (in 
particular, a silicon nitride oxide film or a silicon nitride film is preferable) can be used as 
the material of the first passivation film 41. The first passivation film 41 possesses a role 
of protecting the formed TFT from alkali metals and from moisture. Alkali metals such 
as sodium are contained in the EL layer to be formed later above the TFT. In other 
words, the first passivation film 4 1 works as a protecting layer so that alkali metals (mobile 
ions) do not ingress upon the TFT side. 

Further, by making the first passivation film 41 possess a heat radiating effect, it is 
effective in preventing thermal degradation of the EL layer. Note that m order for light 

to be emitted from the substrate 1 1 side in an EL display device with the structure of Fig. 

5, ,t is necessary for the first passivation film 41 to have light transmitting characteristics. 

In addition, when using an organic material as the EL layer, there is deterioration due to 

bonding with oxygen, and therefore it is preferable not to use an insulating film through 

which oxygen is easily released. 
5 An insulating film containing at least one element selected from the group 

consisting of B (boron), C (carbon), and N (nitrogen), and containing at least one 

element selected from the group consisting of Al (aluminum), Si (silicon), and P 
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(phosphorous) can be^en as a light transmitting materialmen prevents transmission 
of alkali metals and which additionally possesses a heat radiating effect. For example, it 
is possible to use a nitride compound of aluminum, typically aluminum nitride (Al x N v ), 
a carbide compound of silicon, typically silicon carbide (Si x C v ), * nitride compound of 
5 silicon, typically silicon nitride (Si x N y ), a nitride compound of boron, typically boron 
nitride (B X N V ), and a phosphide of boron, typically boron phosphide (B X P V ). Further, an 
oxide of aluminum, typically aluminum oxide (Al x O v ), has superior light transmitting 
characteristics, and a thermal conductivity of 20 Wmt 1 , and is one of the preferable 
materials. In addition to the above effects, these materials are also effective in preventing 
10 the incursion of moisture. 

Other elements can be combined with the above chemical compounds. For 
example, by adding nitrogen to aluminum oxide, it is also possible to use mtrided 
aluminum oxide, denoted by AlN x O v . This material, in addition to a heat radiating effect, 
is also effective in preventing the incursion of moisture, alkali metals, and the like. 
15 Further, the materials recorded in Japanese Patent Application Laid-open No. Hei 

62-90260 can also be used. Namely, an insulating film containing Si, Al, N, O, and M 
(where M denotes at least one rare earth element, preferably at least one element selected 
from the group consisting of Ce (cerium), Yb (ytterbium), Sm (samarium), Er (erbium), 
Y (yttrium), La (lanthanum) , Gd (gadolinium) , Dy (dysprosium), andNd (neodvnmim)) 
20 can be used. These materials are also effective in preventing the incursion of moisture, 
alkali metals and the like, in addition to having a heat radiating effect. 

Further, a carbon film containing at least a diamond thin film or an amorphous 
carbon film (in particular, one having characteristics close to those of diamond, referred 
to as diamond like carbon) can be used. These have extremely high thermal 
25 conductivities and are highly effective as heat radiating layers. Note that if the film 
thickness becomes thick, then it becomes brownish and the transmittivity is reduced, and 
therefore it is preferable to use as thin a film thickness as possible (preferably from 5 to 
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100 nm). 

Note that the aim of t he first passivation film 41 is to protect the TFTs from alkal, 
m etals and moisture, and therefore the matenal must not lose that effect. Therefore, a 
thl n film made from the above materials which possess the heat radiating effect can be 
5 used alone, but it is effective to laminate these thin films with an insulating film which 
can prevent the transmission of alkali metals and moisture (typically a silicon nitride film 
(Si N ) or a silicon nitride oxide film (SiO x N y ) ) . 

" Roughly divided, there are four color display methods for an EL display dev.ee: a 
meth od of forming three types of EL elements corresponding respectively to R (red), G 
10 ( „ r een),andB(blue);amethodofcombin,ngwhitecolorl, g htemittin g ELelementsand 

color filters; a method of combining blue or blue-green EL elements and fluorescent 
bodies (fluorescent color changing layers, CCMs); and a method of using a transparent 
electrode for the cathode (opposing electrode) and overlapping EL elements 
correspondingtoROB. Only one pixel is shown ,nEi g . 5. but pixels having the identical 
15 structure are formed corresponding respectively to the colors red, green, and blue, and 
col ord,plavcanbeperformedbythesep.xels. Known material be employed tor the 
EL layers of each color of pixel. Note that it is possible to implement the present 
invention without considering the method of light emission, and all four of the above 
methods can be used in the present invention. 
, 0 Furthermore, after forming the first passivation film 41, a second .nterlayer 

insulating film (which may also be referred to as a leveling film) 44 is formed having a 
shape which covers each of the TFTs, performing leveling of steps which arise due 
TFTs An organic res.n film is preferable as the second tnterlayer insulating film 44, and 
matenals such as po.yim.de, polyamide, acrylic, and BCB (benzocyclobutene) may be 
25 used. An morgan, film may also be used, of course, provided that it is capable of 
sufficient leveling. 

The leveling of the steps due to the TFTs by the second m.etlayer insulating film 
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is extremely rmportP The EL layers formed later are ftmely thin, and therefore 
there are cases of cracks and short Circuits between anodes and cathodes in portion, in 
whtch the step exists. It is therefore preferable to perform leveling before forming pixel 
electrodes in order to be able to form the EL layers on as level a surface as possible. 
5 A second passivation film 45 shoulders a vital role of blocking the diffusion of alkal, 

metals from the EL elements. Its film thickness may be set from 5 nm to 1 „m (typically 
between 20 and300nm). An insulating film whichcanprevent the transmission of alkal, 
metals ts used in the second passivation film 45. The materials used as the first 
passivation film 41 can also be used as the materials for the second passivation film 45. 
10 F urther,thesecondpa S Sivationfil m 45alsofunct 1 on S asaheatrad 1 at,ng.ayerandreleases 
heatceneratedbytheELelementssothatheatdoesnotaccumulateintheELelements. 
In addition, when the second .nterlayer insulating film 44 is an organic resm film, it ,s 
weak with respect to heat, and therefore the second pass.vat.on film 45 ensures that heat 
aerated by the EL elements does not impart any bad influence to the second .nterlayer 
15 insulating film 44. At the same time as preventing deterioration due to heat, the second 
passivation film 45 also functions as a protecting layer for ensuring that alkali metals 
withm the EL lavers do not diffuse to the TFT side, and moreover, also functions as a 
protecting layer to ensure that moisture and oxygen from the TFT side do not penetrate 
to the EL layer side. 

As stated above, it ts effective to perform leveling of the TFTs by the organic resm 
fitammanufactunng the EL drsplay device, but conventionally there have notbeenany 
stiuctureswhichconsiderthedetenorationoftheorganicresinfilmduetoheatgenerate 
by theELelements.Formationofthesecondpassivationf,lm4 5 solvesthisproh.en,and 

,s also a characteristic of the present invention. 

A pixel electrode ( anode of EL element) 46 is a transparent conductive film, and 
aft er opening a contact hole in the second passivation film 45, in the second .nterlayer 
.nsulanng film 44, and in the first passivation film 41, the prxel e.ecrrode 46 is formed so 
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as to connect to thefln wiring 37 of the current control W 202 in the formed contact 
hole portion. 

After forming the pixel electrode 46, a separation layer 101 is formed from an 
„ r „anic restn film on the second passivation film 45. In Embodiment Mode 2, the 
5 separation layer 10 1 is formed by a spur coating method from a photosensitive polynurde 
film and a separation layer 101 is formed by patterning. The separation layer 101 has a 
shape as when forming the EL layers by an ink-jet method, and the EL element formation 
locations can be demarcated by the placement of the separation layer. 

After forming the separation layer 10 1, an EL layer (preferably an organic material) 
10 47 is formed by an ink-jet method. A s.ngle layer structure or a lamination structure can 
be used for the EL layer 47, and there are many cases of us.ng a lamination structure. 
Vanous lamination structures have been proposed ,n«h,ch layers such as a light emitting 
laver.anelectron transporting lay er, an electron, njecttnglayet, a hole rn.ecting layer, and 
a hole transporting layer are combined, and any structure may be used for the ptesent 
15 invention. Further, a fluorescent pigment or the like may also be doped into the EL 

Anv already known EL materials can be used by the present invention. Organic 
materials are widely known as such materials, and considering the driver voltage, it is 
preferable to use an organic material. For example, the materials disclosed in the 
20 following LIS. Patents and Japanese patent applications can be used as the organic EL 
material: 

U.S. Patent No. 4,356,429; U.S. Patent No. 4,539,507; U.S. Patent No. 4,720,432; 
U.S. Patent No. 4,769,292; U.S. Patent No. 4,885,21 1; U.S. Patent No. 4,950,950; U.S. 
Patent No. 5,059,861; U.S. Patent No. 5,047,687; U.S. Patent No. 5,073,446; U.S. 
25 Patent No. 5,059,862; U.S. Patent No. 5,061,617; U.S. Patent No. 5,151,629; U.S. 
PatentNo. 5,294,869; U.S. Patent No. 5,294,870; Japanese Patent Application Laid-open 
No. He, 10-189525; Japanese Patent Application Laid-open No. He, 8-241048; and 
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Japanese Patent aJLoh Laid-open No. He! 8^78159. 

Specific^, an organ, material such as the one shown by the following general 
formula can be used as a hole injecting layer. 



[Chem 1] 

5 Q is either N or a C-R (carbon chain); M ts a meral, a metal oxrde compound, or a 

metal ha.o g en compound; R , hydro g en, an ^ anataW. aaallyUraua^ aa! 
Tl and T2 are unsaturated stx-membered rin g ,ndud,n g substrtuents such as hydro g en. 

alkyls, or halogens. 

Furthermore, an agnatic tertiary amrne can be used as an or g antc matenal hole 
10 transports layer, preferably rncludm. the tetra-ally.-dtamtne shown by the follows 

general formula. 

[Chem 2] 

InChemZAreisanaUylenegroup.nisanintegerfrom 

are each chosen allyl group. 
15 ^addUton.ametaloxynotdcompoundcanbeusedasanor^cmatenalEL.aver, 

the general formula below may be used as the metal oxyno.d compound. 
[Chem 3] 

.ttspossrbletosubstttuteR.thtou^R.andametaloxynordcompoundsuchasthe 

20 following can also be used. 
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[Chem 4] 



la Chem 4, R 2 through R, are defined as stated above; L, through L, are 
carbohydrate groups containing fronr 1 to 12 carbon elemenrs; and both L, and L, or 
both U and L, are formed fronr ben:o-nngs. Further, a nretal oxynoid compound such 
5 as the following may also be used. 



[Chem 5] 

It is possible to substitute R ; through R. here. Coordination compounds having 
^chgandsarethusmc.udedasorganrcELmaterra.s.Notethattheaboveexamples 

imerelysomeexamplesoforgamcELmatenaiswhKhcanbeu.edastheELmatena, 

these. 

The present invention uses an ink jet method in forming the EL .aye, and hence 
lt is pK ferab.e to use a polymer-based material as the EL materia!. A Polymer marenal 
S uchas P ol y paraphen y lenevin y lene S (PPVs) t ypemater,aland P o.y fl uorene S r y pema t ena. 

« can be given as ryprcal po.yme,based materials. For coloration, it is ptefcraHe to use, 
for examp.e, a cyano-po.ypheny.ene v,nylene in a red luminescing materia.; a 
pol yphen y lene viny.ene in a green luminescing materia!; and a po.ypheny.ene vmy.ene 
or a polyalkylphenylene in a blue luminescing material. 

Note chat the above example is an examp.e of an organic EL materia, which can he 

20 u sedastheELmateria.ofthepresentinven t ion,andthat,tisnotnece S saryto P .aceany 

Hmitations on this. All of the materia.* recorded in Japanese Patent Application Laid- 
open No. Hei 10-012377 can be cited as organic EL matenals which can be used in the 
ink-jet method. 

Note that the ink-jet method is roughly divided into a bubble jet method (also 
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referred to as a therftnk-,et method) and a piezo method that the p.ezo method 
is preferable for implementing the present invention. 

Further, as shown in Embodiment Mode 1, in pract.ce the shape at the time of 
applying the EL material on the pixel electrodes may be a strip shape, or an oblong shape 
5 or a rectangular shape in which a plurality of dots are continuous. The separation layer 
L01 functions so that adjacent EL layers do not mutually intermix when the EL layers are 
formed by the ink-jet method. 

To perform color display, a red color light emitting EL layer 47R, a green color light 
emitting layer 47G, and a blue color light emitting EL layer 47B are formed as shown in 
10 Fig. 6A. The EL layers may each be formed in order at this pom,, and the EL layers 
corresponding respectively to ted, gteen, and blue may be formed at the same time. 
Further, a baking (firing) process ,s necessary in order to remove a solvent contained in 
the EL forming solution. The baking process may be performed after forming all of the 
EL layers. Alternatively, it may be performed every time the formation of one EL layer 
15 is completed. The EL layer is thus formed to have a thickness of from 50 to 250 run. 

Figs. 2 1 A and 2 IB are diagrams for explaining the structure in the pixel portion, and 
show a state m which a plurality of pixel electrodes are formed in EL layers formed having 
astripesha P e,oranoblon g shapeorrectangularshape.A P luralityofp.xelelectrodesate 

formed corresponding to the different color light emitting EL layers 1702a and 1702b in 
20 F,g. 21A. Two TFTs, a switching TFT and an current control TFT, are connected to 
eJch of the pixel electrodes. Further, the EL layer 1702a and the EL layer 1702b ate 
separated by a separation layer 1701. For multi-color display, pixel electrodes 1703a and 
1703baretakenasoneset,formin g onep.xeU710 a . Similarly, when forming an adjacent 
pixel 1710b, and taking the gap between the pixels as D, the value of D is set from 5 to 
25 10 times the thickness of the EL layers. Namely, it is set from 250 to 2500 nm. 

Fig. 21B is a diagram showing an example of another structure. A plurality of pixel 
electrodes are formed corresponding to different color light emitting EL layers 1705a, 
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L705b, and 1705c, ^example red, green, and blue. T^L layers are separated by 
separation layers 1704. For multi-color or RGB full color display, the pixel electrodes 
1706a, 1706b, and 1706c are taken as one set, forming one pixel 1720a. An adjacent 
pixel 17 10b is formed similarly, and taking the gap between pixels as D, the value of D is 
set to be from 5 to 10 times the thickness of the EL layers. Namely, it is set from 250 to 
2500 nm. A sharp image display can thus be made. 

Further, when forming the EL layer 47, it is preferable to use a dry atmosphere 
having as little moisture as possible as the processing environment, and it i, preferable to 
performing the formation within an inert gas. The EL layer easily deteriorates due to the 
10 existence of moisture and oxygen, and therefore it is necessary to eliminate these causes 
as much as possible when forming the EL layer 47. For example, atmospheres such as a 
dry nitrogen atmosphere and a dry argon atmosphere are preferable. 

After thus forming the EL layer 47 by the ink-jet method, a cathode 48 and an 
auxiliary electrode 49 are formed next. A light emitting element formed from the pixel 
15 electrode (anode), the EL layer, and the cathode is referred to as an EL element 
throughout this specification. 

A material containing magnesium (Mg), lithium (Li), or calcium (Ca), which have 
small work coefficients, is used for the cathode 48. Preferablv, an electrode made from 
MgAg (a material in which Mg and Ag are combined at a ratio of Mg : Ag = 10 : L) is 
20 used^n MgAgAl electrode, an UA1 electrode, and an LiFAl electrode can be given as 
other examples. Further, the auxiliary electrode 49 is an electrode formed in order to be 
a protecting film from external moisture or the like, and a material containing aluminum 
(Al) or silver (Ag) is used. The auxiliary electrode 48 also has a heat radiating effect. 
Note that it is preferable to form the EL layer 47 and the cathode 48 successively in 
25 a dry, inert atmosphere without exposure to the atmosphere. This is in order to avoid the 
absorption of moisture during exposure to the atmosphere because an organic material, 
when used as the EL layer, is extremely weak to moisture. In addition, it is even better 
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t0 form not only the! layer 47, the cathode 48, but a.sole auxiUaty decode 49 in 



succession. 



essiun. 

Further, a third pass.vat.on film 50 may have a film thickness from 10 nm to 1 ,m 
(ptefetabiv between 200 and 500 nm). The a.m of form,ng the th.rd passivation film 50 
5 is mainly for protecting the EL layer 47 from moisture, and ,t may also be ,ven a heat 
radiating effect similar to the second passivation film 45. The same materials as those 
used in the flrsc passivation film 41 can therefore be usedas the formation materia! of the 
third passivation film 50. Note that when an organic material is used as the EL layer 
there is the possibility of deterioration due to bonding with oxygen, and thereto, it is 
10 preferable to use an insulating film through which oxygen ,s ea* radiated. 

Further,theELlayeris weak with respect to heat, as stated above, and thereiore it 
1S preferable to perform film deposition at as low a temperature as possible (preierably m 
a temperature range from room temperature to 120°C). It can therefore be sard that 
plasma CVD, sputtenng, vacuum evaporation, .on plating, and solution application (s P in 

L5 coatmg) are preferable film deposition methods. 

Deterioration of the ELelement can be sufficiently controlled hy forming onlv the 

< eco nd passivation film 45, but it , more preferable to surround the EL element by 
sandwiching ,t using two insulating films, the second passivation film 45 and the thud 
passivation film 50, thus preventing incursion of moisture and oxygen inro 

in the EL layer. As a result, deterioration of the EL layer is additionally suppressed, and 
an EL display device having high reliability can be obtained. 

Furthermore, the EL display dev.ce of the present invention has the pixel portion 
comp0 sed of pixels having the structure shown in Fig. 5, and TFTs having differing 
25 „es, corresponding to the.r function, are arranged with.n the pixels. Aswitchmg 

TFT havmg a sufficiently low off current value, and an current control TFT 

5trong against hot earner i^ecnon can thus be formed within thesamepixel, and an EL 
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dfcp.aydev.ee havinfth reltabtliry and good .mage disp.afapab.lit.es (high operation 

performance) can be obtained. 

Note that a multi-gate structure TFT , used as the switching TFT in the ptxe. 
struct ureo f F I , 5 ,but 1 t I snotneces S ar y toU m ,the S truc tU retothato f F Ig . 5 w,th regard 

5 to LDD te g ,on placement and other structures. A mote detailed explanation o. the 
p.scnt.nventtonhavtn.theaboveconstttutrontsperforntedbytheentbodtnrentsshown 



below. 



[Embodiment 1] 

The embodiments of the present tnventton are explained using Figs. 7 A to 9C. A 
10 method of simultaneous manufacture of a prxel portion, and TFTs of a driver circuit 
portionformedintheperrphe.ofthepixe.port.on.isexp.ainedhere.Notethat.nord^ 

to simp .,,. the emanation, a CMOS ctrcu, is shown as a baste circuit for the driver 

circuits. 

F,rst, as shown in Ftg.VAabase film 301 .formed with a 300 nm thickness on a 
15 „,ass substrate 300. Silicon n.ttide ox.de films are laminated as the base ft.m 302 m 
embodiment 1. It is good to set the nitrogen concentrar.on at between 10 and wt .. 
in the film contacting the glass substrate 300. 

Besides, as a part of the base film 301, it ts effective to ptovtde an insulating him 
made of a materia, simt.at to the fust passivation him 4. shown in Fig. 3. The currenr 
20 control TFT is apt to genetate heat since a latge current ts made to flow, and it ts 
effective to provide an insu.atrnghlmhavingaheatradiatingehectatap.aceasclose. 

possible. . . 

Next an amorphous Silicon film (not shown in the figures, ts formed with a 
thickness of 50 nm on the base film 301 by a known deposition method. Note that it ts 
25 notnecessaryto.,mitthistotheamorphouss 1 ..conf,lm,andanotherfilmmaybeformed 

provided thatitisasem,onductorf..m containing an amorphous sttucture (including a 



m „lhne JL*. in addrtron, . colour, sem^u » r - 

con tarmn g anamorphou S s^^ 

als obeused. Furt he r , t K e m mt Hc k ness may be m ade fl o m ZO t olOOn m . 

The amorphous s.con film > then crystal hy a k nown « . 

3 I Thermal— 

. laser , and lamp — crystal— usm g an mfrared - - ^ 

^atronmetnod^^ 

usmgttght from an excrmer laser whrch uses XeCI gas. 

in ^rment , hut a rectangular shape may a,so * U5 ed, and contrn uou S e = 
nonlaser >r g h ta nd — ^^^^^ 

of YAG laser can be used. 
15 In thrs emhodrment, althou.h t Ke crystalltne siUcon firm „ «d as the actr, la. 

of the TFT, ,t , also possrb.e to use an amorous srlrcon film. However, *« current 
CHntrH , TFT has ^ of flowtng a mass « — U > aavan tag eous to use *e 

crystalline srlrcon film through which a current c a n easrly flow. 

Woterhattttseffect.etoformtheacrr.ela.eroftheswrtchm.TPT.mwhrchrhere 

20 IS a necessrty to reduce the off current, b y the amorphous s.Hcon film, ana to form the 
curre ; do e S notea S ,Wfiow.lnotherworas,themo St c a n b em a deoftheaa«s 

25 cryst alHne S1 Hcon film, throu g h which current easrly flows. 

Next a S shown 1 nF lg .7B,a P rotec n n g fi. m 303 r 5 formedonthecr, 5 tall 1 nes 1 hc l , 
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chosen w.thin the fte of 100 to 200 n m (preferably^ BO and HO nm). 
Furthermore, othet films may ^ be used provtd,n g that they are insula** h ms 
C onta.nin g Silicon. Tire protect,^ ffl- 303 is formed so that the c.stalhne Silicon Mm 
.nocd.ect.yexposed^^adu^add.ionofan^u^.andso.KaUusposs.b.e 

5 to have delicate concentration control of the impurity. 

Resist masks 304a and 304b are then formed on the protecting film 303. and an 
impunty element which .mparts .type conductivity (hereafter teferred to as an n-tvpe 
, rapun ty element, is added. Note that Cements tesid-n g in periodic table g roup 1, ate 
^eml.y used as the n-tvpe .mpunty element, and tvp.ca.ly phosphotous or arsenic can 

10 L US ed. N otethatap,s m ado P ,n g method,u S ed,.nwhichphosphine(PH 5 )isp,a Sm a 

.tivated without sepatatton of mass, and phosphorous ,s added at a concentration 
ofUlO^atomsWinembodimenti.Anlonimplantaaonmethod.inwh.chsepara^ 

of mass is performed, may also be used, of course. 

The dose amount ,s related so that the n-type impurity element ,s contained ,n 
15 u-iype impurity te g ,on S 305 and 306, thus formed by this process, at a concentration of 
^0- to 5x10" atoms/cm' (typically between 5x10" and 5x10" atoms/cm ). 

Nex tasshown,nFi g .7C,the P totectin g fi.m 303 ,stemoved,andanactivationo t 

the added periodic table g roup 15 elements is performed. A known technique ol 
act i VaU onmaybeuseda 5 themeansofac t ivation,andact,vation,doneine m bodiment 

20 i by irradiation of excmet laser light. ^ pulse .mission type exctmer !aser and a 
contl nuous emission type exctmer laser may both, of course, be used, and it ts not 
pessary to place any limits on the use of excimet iaser lt g h, The putpose is the 

atan energy leve.atwhtch the crystalline silicon film does not melt. Note that the laser 

bv heat treatment may also be performed a.on g with activation of the impurity e ement 
by laser l, g ht. When activation ts performed by heat treatment, considers the heat 



res , stan ceo ft he SU bSe.i tISg oodtope r fo™he a t t reat m en t „n t h e o r de r of4 5 O t o5 5 0 

Ab ou n aa ry po ra o n (connec t , ng pon,on,w lt hre gl o nS a 1 on gt heed g esof t h en . ty pe 
, mpunty regions 305 and 306, nanu.lv regions a,on g the perimeter ,nto which the n-type 

1S aehneated by ** P~~ ™« ~» ^ " ^ ^ . 

c o m pleted,ex t re m e, Vg oodc„nnec tl on S canbe f or m edbe M eenLDDre g ,on S andchanne, 

forming regions. 

Unnecessary portions of the crystal** silicon film are renroved next, as shown m 
10 Flg . 7D , a ndis. a nd S h a pe S em,condu^^ 
to 310 are formed. 

Then, asshowninFig.7E.agaK insulating film 3 1 1 is toted, covering the active 
lay ers307 t„310.An 1 nsulat 1 n gfi . m cont a in 1 n g s 1 .,on a ndwrthathtc k nesso f 10to20 

15 smgfe , aver structure or a —on structure may be used. A 110 nm thick stUcon 
nitride oxide film is used in embodiment 1 . 

A conducting film with a thickness of 200 to 400 nm is formed next and p.tterned, 
formmoga teelectrodes312to316. N oteth a t,ner„bodi m ent 1 ,the ga tee.ectrodes a nd 

,ead wiring electrically connected to the g ate electrodes (hereafter referred to as g ate 
20 wiring .re formed from different materials. Specifically, . m.teria. having a lower 
resist a nce than that of the g ate electrodes is used for the gate wirin g s. This is because a 
mat en,wh,ch,scapab« 

„ t he gate wir,n g s cannot be micro-processed, the material used for the wirm g s has low 
resI5tanc , Of course, the g ate electtodes and the gate winn g s m a y also be formed from 

25 the same material. 

F urther,the g atew,r,n g s maV befor m edbyas,n g ,e.ayerconductin g h.m,andwhen 



«, ,he oate electrode materi!rHowever, as stated above, 

CO,lUUCU.. B - « SeJ » soeCifically a 

Referable touseamateria UKtcK.capaHeofbet.^^ocessed^cav, 
(Ta) t— (TO, molybdenum (Mo). — (W, chromium (CO. «» silicon (SO 

3 5 O nmlS used.T h ese m a,be form edb y as P utte imgm etKod.WKe n a nl ne rtg aso t Xe, 

*,< , 30,6 respectively, sandwiching the gate instilatrng 
15 rfthen-cvpe impurity KgUJK 305 and 306, respective >. 

film 31 , This overlapping Portion later becomes an LOO region overling ^ 

inaself-aligmngmanner.ith^^^^^^ 
323 thus fo rmedataconcentrationofl/10 ro ^^^ 

306 (typically between 1/4 and 1/3). Specifically, a concentration of 1.10 , 
atoms/cm' (typically 3x10^ to 3xl0%tomsW> , preferable 

Resi st masks 324a to 324c are formed next, witK a shape covering „a 
■ P RBandann-rypeimpirntyelementtphosphorousisused 
25 elec t rodesetc,asshown,nFi g .8B,andann a hlgh 

u 1- „ r n is added, fanning impurity regions 325 to 3H 
,n embodiment 1) is adaea, ,pu lis also performed here, 

c „ncenrrationofphosphorous..ondopin g us,n g phosph,ne(PH ; „salso P 
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an J IS regulated so tfthe phosphorous^^ 

MO- atoms/cm' (typically between 2x10'° and 5x10" atoms/cm 1 ). 

A source region or a dram region of the n-channel TFT ts formed by this process, 
a nd .n the switching TFT, a portion of the n-type impurity regions 320 to 322 formed by 

15a to 15d of the switching TFT in Fig. 5. 

Next , as sh own ,n Fig. 8C, the testst masks 324a to 324c are removed, and a new 
restst mask 332 ts formed, A p-type tmpunty element (boron rs used tn embodiment 1) 
, s thenadded,form,ng 1 mpunty r e gl ons 333 a nd334conta I n in gah lg hconcentrat 1 ono 

10 boron. Boron rs added here to form impurity regions 333 and 334 at a concentrate of 
3xl0 » to 3x10=' atoms/cm' (typically between 5*10» and Ixltf' atoms/cm ) bv ton 
doping using diborane (B 2 H 6 ) . 

Note that phosphorous has already been added to the impurity regions 333 and 334 
at a concentration of 1x10* to 1x10" atomsW, but boron ts added here at a 

re „,ons already formed comp.etelv tnvert to p-type. and function as p-type impunty 



regions. 



.ms. 

Next after removing the resrst mask 332, the n-type and P-type .mpurttv elements 
ad ded at various concentrations are activated. Furnace annealing, laser annealing, or 

^.importanttoremoveasmuchoftheoxygenintheatmosphereaspossibleatthrs 

oxtd.es.invtting an increase in resistance, andatthe same t,me ,t becomes more dtthcult 
25 to .ater make an ohmrc contact. It ts therefore preferable that the concentration ot 
oxyge n ,n the processing environment in the above activation process should be ppm 

or less, desirably 0.1 ppm or less. 



After the act Xm process is completed, a gate wiring 335 with a thickness of 300 
nm is formed next as shown in Fig. 8D. A metallic film having aluminum (Al) or copper 
(Cu) as its principal constituent (comprising 50 to 100% of the composition) may be used 
as the material of the gate wiring 335. As with the gate wiring 211 of Fig. 2, the gate 
5 wiring 335 is formed with a placement so that the gate electrodes 3 14 and 3 1 5 of the 
switching TFTs (corresponding to gate electrodes 19a and 19b of Fig. 2) are electrically 
connected. 

The wiring resistance of the gate wiring can be made extremely small by using this 
type of structure, and therefore a pixel display region (pixel portion) having a large surface 
10 area can be formed. Namely, the pixel structure of embodiment 1 is extremely effective 
because an EL display device having a screen size of a 10 inch diagonal or larger (in 
addition, a 30 inch or larger diagonal) is realized due to this structure. 

A first mterlayer insulating film 336 is formed next, as shown in Fig. 9A. A single 
layer insulating film containing silicon is used as the first mterlayer insulating film 336, 
15 while a lamination film may be combined in between. Further, a film thickness of 
between 400 nm and 1 .5 U m may be used. A lamination structure of an 800 nm thick 
silicon oxide film on a 200 nm thick silicon nitride oxide film is used in embodiment 1. 

In addition, heat treatment is performed for 1 to 12 hours at 300 to 450' C in an 
environment containing between 3 and 100% hydrogen, performing hydrogenation. This 
20 process is one of hydrogen termination of dangling bonds in the semiconductor film by 
hydrogen which is thermally activated. Plasma hydrogenation (using hydrogen activated 
by a plasma) may also be performed as another means of hydrogenation. 

Note that the hydrogenation step may also be inserted during the formation of the 
first mterlayer insulating film 336. Namely, hydrogen processing may be performed as 
25 above after forming the 200 nm thick silicon nitride oxide film, and then the remaining 
800 nm thick silicon oxide film may be formed. 

Next, a contact hole is formed in the first mterlayer insulating film 336, and source 
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wlnn „ s 337 co 340 "drain wirings 341 to 343 are formed. In this embodiment, thts 
electrode is made of a laminate film of three-layer structure in which a titanium film 
having a thickness of 100 nm, an aluminum film containing titanium and having a 
thickness of 300 nm, and a titanium film having a thickness of 150 nm are continuously 
5 formed bv a sputtering method. Of course, other conductive films may be used. 

A first passivation film 344 is formed next with a thickness of 50 to 500 nm 
(typically between 200 and 300 nm). A 300 nm thick silicon nitride oxide film is used as 
the first passivation film 344 in embodiment 1. Tims may also be substituted by a silicon 
nitride film. It is of course possible to use the same materials as those of the first 
10 passivation film 41 of Fig. 5. 

Note that it is effective to perform plasma processing using a gas containing 
hydrogen such as H, or NHj etc. befote the formation of the silicon nitride oxide film. 
Hydrogenactivatedbyth,spreprocessiSSU P pliedtothefirstinterlayerinsulatingfilm336, 

and the film quality of the first passivation film 344 is improved by performing heat 
,5 treatment. At the same time, the hydtogen added to the first interlayer insulating film 
336 diffuses to the lower side, and the active layers can be hvdrogenated effectively. 

Next a second interlayer insulating film 347 made of organic resin is formed. As the 
organic res,n, it is possible to use polytmide, polvamide, aoyl. BCB (ben:ocyclobutene> 
or the like. Especially, s.nce the second interlayer insulating film 346 is primarily used tor 
20 flattening, acryl excellent in flattening properties is preferable. In this embodiment, an 
acrvlicfilmisformedtoathickness sufficient to flatten a stepped portion formedbyTFTs. 
It is appropriate that the thickness is pteferahly made 1 to 5 ^m (more preferably, 2 to 4 
jam). 

Next, a second passivation film 348 having a thickness of 100 nm is formed on the 
25 second interlayer insulating film 347. In this embodiment, s.nce an insulating film 
containing Si, Al. N. O and La is used, it is possible to ptevent alkaline metal trom 
diffusing from the EL layer provided thereon. At the same time, intrusion of moisture into 
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t he EL layer is Wold and hea t generated in rhe EL W * a«d, » " * 
possible to suppress deterioration of the EL layer due to heat and deterioration of the 

flattened film (second interlayer insulating film). 

^contactholereachtn S adra,nw 1 r i n g 343isformedthrou g hthe second passrvatron 

5 fi lm 348,thesecondinter.a y er,nsu 1 atin g f 1 lm347,andthefit S tpass,vationf 1 .m344,and 
a p ,xel electrode 349 is formed. In this embodiment, an mdium-tin oxide (ITO, film 
havin- a thickness of 1 10 nm is formed, and patterning is earned out to form the pixel 
electrode. This pixel electrode 349 becomes an anode of the EL element. Inctdentally, as 
other materials, it is also possible rouse an ind.um— oxrde film or an md.um-nnc 

10 oxide film. . 

incidentally, this embodiment has such a structure that the pixel electrode 349 is 
e,ectt,cal.yconnectedtothedrainre g ion33 1 ofthecurre n tconrto.hn g TFT t brou g hthe 

dram wiring 343. This structure has merits as follows: 

Since thepixelelectrode349comesind.rectcontactw,thanot g anicmatet,alo t an 

15 EL laver (light em.tun g layer) ot char g e transporting layer, thete is a possibility that a 
m ovahle ion contained m the EL layer or the like diffuses m the pixel electrode. That ,s, 
m the structure of thisembodirnent, the p,xel e.ectrode 349 is not directly connected to 

mte rvene so that intrusion of the movable ,n into the active layet can be prevented. 
Next , as sh own in Fig. 9C, an EL layer 350 is formed by an ink jet method, and 

withoutopeningtotheair.Atthistime.ft.sdesirab.etocomplete.ytemovem.stutey 
C arryin g outaheattreatmenttothepixe,electt O de349be fo retheEL,ayet 350 andthe 

C athode351areformed.lnthis embodiment, although the M g Ag electrode , used as the 
25 cathode of the EL element, other well-known materials may be used. 

As the EL layer 350, the materials explained in the embodiment mode 2 oi the 
invention can be used, in this embodiment, aithough a four-layer structure of a ho.e 
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mi ec t ,n g Layer, , • — . and an e ctron 

t rans P ortin g Layer are made an BL !ayer, > - - « where an eiectron 

5 for the combination, and any structure of them may be used. 

layer or as the bote t r ans„ Layer, and tn additron, a hydras (ryptcaUy DEH) a 
stUbe ne (typtcaUy STB), or a starburst (t yptcaPPy m-MTDATA) can a,so he used M 
paItlcul ar, a starburst macerral which has a ht g h g .ass transtuon temperature and 
10 difficult to crystallize, is preferable. 

BPPCperyfene. and DCMcanbe used as a red coior emttttn. >a y er tn the emttun, 
layer , an dmpa r trcu 1 ar, [ he E uco m p l ex 5 hownhyEu ( DBM) ) (Phen,(re f e r toKtdo, ) e, 

; Appl . Phys., vol 35, PP. U94-396. 1996 for detans, * **» — 
posting a sharp emvssion at a wavelength of 620 nm. 
15 Purther, typtcaUy an Arc, (S-hydroxyautnohne alumrnum) matena! tn whrch 

^crrdoneorcoumann.saddedata.vaofseveraim^canbeusedasagreenco.or 



emitting layer. 



[Chem 61 



20 OSA ts added to DBA ^ can be used as a bLue co,r emttrtng 

(DPVBi). Its chemical formula is as shown below. 
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[Chem 7] 



Although even the auxiliary electrode 352 can protect the EL layer 350 from 
moisture or oxygen, prefer*., a third paction film 353 may be proved. In th,s 
e m bod U nent,asthethndpa SS1 v a uonai m 353,a S rHconn 1 trKleft. m hav I n g ath 1 c k nes S o t 

5 300 nm is provided. This third passivation film may also be formed continuously atter the 
a uxiliar y electrode352w,thoutopemngto^^ 

353, the same matenal as the third passivation film 50 of Fig. 5 may be used. 

Be S ,des,theaux 1 l 1 ar y electrode352 1SP rovidedtopreventdeter 1 orat 1 onoftheM !: A g 

electrode 35 1, and a metal film containing aluminum as its mam ingredient ,s typical. Or 

351 are very weak to moisture, it i, desirable to make continuous formation to the 
auxiliary electrode 352 without opening to the air so that the EL layet is protected horn 
the outside air. 

incidentally, it is appropriate that the thickness of the EL laver 350 is made 10 to 
15 400 nm (typrcally 60 to 160 nm>, and the thickness of the MgAg electrode 35 Us made 
180 to 300 nm (typically 200 to 250 nm). In the case that EL .aver 350 is a laminate 
structure, the film rh.ckness of each layer is the range of 10 to 100 nm. 

In this way, an active matrix type EL drsplay device having a strucrure as shown m 
Fio 9C is completed. In the active matnx type EL display device of this embodiment, a 
20 TFT having an optimum structure is disposed in not only the pixel portion but also the 
driving Circuit portion, so that ve^ high reliability is obtained and operation 
characteristics can also be improved. 

First a TFT having a structure to decrease hot carrier injection so as not to drop the 
operation speed thereof as much as possibles used as an .channel TFT 205 of a CMOS 
25 Circuit forming a driving circuit. Incidentally, the driving circuit here includes a shut 
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renter, a buffer, a lelsh.fter, a sampling circuit (sample aaJ hold circuit) and the like. 
In the case where digital driving is made, a Signal conversion Circuit such as a D/A 
converter can also be included. 

In the case of this embodiment, as shown in Fig. 9C. the active layer of the 
5 n-channel 205 includes a source region 355, a dra,n region 356, an LDD region 357 and 
a channelform a tionregion358,andtheLDDreg.on357overlapsw,ththe g ateeiectrode 

313, putting the gate insulating film 3 1 1 therebetween. 

Consideration not to drop the operation speed rs the reason why the LDD region is 
formed at only the drain region side. In this n-channel TFT 205, it is not necessary t» r*V 
10 attention to an offcurrent value very much, rather, it is better to give importance to an 
operation speed. Thus, ,t .s desirable that the LDD region 357 is made to completely 
overlap with the gate electrode to decrease a resistance component to a minimum. That 
is, it is preferable to remove the so-called offset. 

In the p-channel TFT 206 of the CMOS circuit, since deterioration due to hot 
,5 camerimect.oncanbealmostneglected.anLDDregiondoesnothavetobepartiCularly 

provided. Of course, similarly to the n-channel TFT 205, it is also possible to provide an 
LDD region to take a countermeasure against hot carriers. Incidentally, a sampling 
circuit among driving circuits is rather specific as compared w.rh other circuits, and a 
!ar«e current flows through a channel formation region in both directions. That is, the 
20 roles of a source region and a drain region are counterchanged. Further, it is necessary to 
suppress an off current value to the lowest possible value, and m that meaning, ,t is 
desirable to dispose a TFT having an approximately intermediate function between the 
switching TFT and the current controlling TFT. 

Thus as an n-channel TFT forming the sampling circuit, it is desirable to dispose 
25 aTFThavingastructureasshowninFig. 13. As shownm F,g. 13, parts of LDD regions 
901a and 901b overlap with a gate electrode 903, putting a gate insulating film 902 
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are provided to be put at both srdes of a channe. formatron regton 904. 

Theptxelpo^n.sfo^dbvfo^thep.eUttuctutewh.chtsshown.theF,. 

prodded an explanation because it was given 



in Fig. 5. 



Actual,, when the state of Fr, 9C - conned, it - Parable to m a,e pacing 
.oastopteventexposntetotKeouteta.Atthat^e.whenthe.ns.deottben^ 

^^.^.^.-•^^^^ 

15 ^^^^^^^^^^ 

.rhepresentspecrft^^ 

it can be shipped, is called an EL module. 

• « ™ PT disnlav device of this embodiment 
Here the structure of the active matrix type EL dispLay 

EL drsp.av dev,ce of thts etnbodunent , — d b y a p.el ponton 602, a „a d 

A swrtch^g TFT 605 of a p.e, portron „ an .channel TFT, and „ d, P os t 
„ rio npo,nto f a g ate WI nng 606 connected to th e g ate S ,ded t Mn g c lt c U1 t603 and 

switching TFT 605 is connected to the gate of a current controlling TFT 608. 
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, ■ p •„ 1 Us an example of an analog driving, a 
n ■ v 11 The circuit structure shown in Fig. 11 is an P 

. , 701 a „ a te side driving circuit (A, 707, a gate side driving 

aate side driving circuit. 

703. a hu ff er 704, and a sampling circuit (sample and ' ^ a 

dnvm „ circuit (A) 707 is provided with a shift register ,08, a 

■ > [fiW 1 1 also has the same structure, 
buffer 710. The gate side driving circuit (B) 711 also 

, 708 have driving voltages of 5 to 16 V (typically 10 

i „,4 rhe structure indicated by Z03 in rig. v 
20 V) respectively, and the structuie 

TFT used in a CMOS circuit forming the circuit- 

Besld es, oreacho ^CMOScUcu. 

-rr:=^ 



to 16V , are disposed p.xels having the structure shown in Fig. 5. 

Fu rther,anE Lm oduleofth^^ 

r, , 4 , 5 A and 15B. Incident*, as needed, reference 
be described with reference to F.gs. 14, 15A and 

numbers used in Fig, 10 and 11 will be quoted. 

r ln F ,„ 14, reference nun.era) 601 denotes a substrate, reference numeral 60 

• mi the source side driver circuit 603, ana me B d 
poroO n602,rhesou c the FPC 1S elecm cally connected to external 

FPC (flexible printed circuit) 6U. Further, tne rr 

ntandextemalsignalscanthusbeinputtothepixe.portionaOZ.thesourceside 

M T U1P 0 rlrhe a tesidedr K ercircuita04.The P ixe l portion60 2 ,theso U rce 
dm er circuit 603 and r ^ ^ ^ ^ ^ ^ ^ 

Slde arrver Circuit 603 and „ 60 1. Note tharTFTs 

— (Hereaher referred ro as TFT. f ™ ^ ^ ^ 

" ; n otshown,nthe fig ute),andaha m e m aterial,40 8 are 

formed. 
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A cross sectJtd.agram of Fig. 14 cut along the line A-A' .s shown in F, g . 1,A, 
anJa cto S ssecuonaldia gram ofF I ,14cuta 1 on g the UneB-BMsshowntnFi.l.B, Note 

that in F,»s. 15A and 15B, identical numerals ate used for portions identical to those of 



Fig. H. 



5 Ass hown,nF, g .15A,the P i X e.portion602andthednverc,rcu,t603 are f or m ed 

on th e substrate 601, and the pixel portion 602 is composed of a plurality of p,xe.s 
containin.ancurrentcontro.TFTBOlandaplxe.eiectrodelSOZe.ectnca.lyconnected 

toth ecurtentcontro.TFT 1 50,mp i xe 1 e 1 ectrodel502 f U nction S asananodeotan 
ELe.ement. Further, an EL layer 1503 is formed covering the pixel electrode lt)0_, and 
10 a cathode 1504 of the EL element is formed on the EL layer 1503. 

The cathode 1504 also functions as a common w,r,ng amon g aU p.xe.s, and is 
efectricaUy connected to the FPC 611 via the connection wtr,n g s 612. In addition, the 
e,e m entcontainin g thepixelportion602andthedrivercirctiit603 ,sco mp lete,covered 

by a passivation film 1507. 
15 ' Additionally, a filler materia. 1508 is fotmed covering the EL element. The filler 
m ater,a. 1508 functions as an adhesive for bonding the covering materia. 140, C 
(po.yv.nv. ch.onde), epoxy res.n, silicone resin, PVB (poiyviny. butyra.), and EVA 
(et hy 1 enev 1 ny.acetate,canbeu S edasthe fl ller m ateria.l508. 1 fadiving ag ent,stot m ed 

20 absotbin g effect, which is preferable. 

Further.materia.ssuchasa.iassp.ate.ana.ummamp.ate.astain.essstee.plate.an 

ERP ( fiber g .ass-re,nforced plastic) plate, a PVF (poiyviny. fluoride) fi.m, a My,r ti... a 
po.yesterfi.m.andanacry.icfi.mcanbeusedasthecovermgmateria.HOV.Hotethat 

whenus,n g PVBorEVAasthefi.,rma t eriaU508,,tispreferabletouseasheetstruct l , re 
25 ta W hich sevetal tens of ,m of aluminum fo,. ,s sandwiched by a PVF film or a Mylar 



film. 
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Note that, djL » the emission di.ect.on oW g ht emitted fro. the EL 

wo rds,forthecaseo f E, g s. L5A and 15B, lt g ht ,s irradiated to the side opposite that of the 
coven n, m atenaU407,and t he refo tethe m ate ri alptopett,esdonot m att er ,bu ti o r aca S e 

material is used. 

fam e' materia! HOB , attached so as to covet the Side surface (exposed surface) o, the 
10 functions as a sealant, 1509. U ,s ptete.ah.e to use a photo cunn g tes.n as the S ea tn, 

15 material 1509. 

EL element can be completely shut off from the ourside, and the incursion of substances 
from the outside which promote delation „ option of the EL . a ,r t t„u g 
mo,ture,o Xyg e n ,etc.canbeprevented.AnELdispla y deviCehav,n g hi g hre 1 ,ab.l,tvcan 

20 therefore be manufactured. 



[Embodiment 21 

An EL displav devrce hav,n g a form in which U g ht emitted b y an EL eiement rs 
grated to the side of a substrate on which TFTs are formed is shown .n Embodiment 
, F or th,s case, at .east the re g ,on in wb.ch the TETs are formed becomes shadow and 
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becomes easy to increase the apetture ratio. 

5 the up Ird direction. The struck the sw.tch^T 201 and the ^ 
TFT ^02 ate the same as those of Embodiment Mode 2, at. the Terences in othet 
portions is explained here. 

A cathoae s, d e prxei electrode 949 conned to the dram s,de of the current 

as M g A g (a ma tenaH n wh 1 chM g a n aA g ateco m h I aeaatata»o f M g; A„- ■ ■ 
M»AgAl, LiAl, or LiFAl. 

4 -i ^ nivel electrode is formed 
Moae 1 or Embody Mode 2. In addinon. an a n od e side pixel 

formed on the anode siae pixel electrode, completing the EL display element 
light is irradiated in the upward direction. 



[Embodiment 31 

The method of nranufacturm. an EL layer bv an ,nL,et method, and the 
t¥P e E Ld 1 sp l ayde V1 ce.Anexamp,eo f s U ch 1S exp,amed«threferencetoE lg s, 6A to 



16E. 



A substrate such as ; a no,a, k a.ine g Lass substrate, ty P ,aUy a Cotnm g Corp. # 
1737 „ lass su bstrate ; a ctystaihne g ,ass substrate; a soda hme g lass substrate on whose 
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ar pSode 1602 is formed with a 

formed from a matenal such . , fi03 are torme d w.tha thrckness of 0.5 

mt othestn P shapes. ■ r - n structure A lamination structure 

^hIp hver or a lamination structure. ^ 
TheELiayerusesasm.le.aver ^ an electron 

10 tra n SP ortm g fayer, an e.ectron « layer, a ^ ^ _ , , ^ ^ 
^nspomng layer are comhmed and 1— d, and m Emh ^ 

15 the Ught emttring effraency. As 1S 

20 the order of 100°C by a means such as 

Wb.ue.sused.andanELfor ^ a preferable EL material for a light emitting 

» ^ d0ntheh0l ;tl: ler m : na lsuchas P o, P ara P heny,ene.ny,ene 
l aye r 1608. there can be grven a poly a ^ 

(PP V) or polygene. Eor co— . rt is .referable to use, 
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, . ft ,» a red UAt ending —1 "-phcnylene v,n yl ene m 
paraF Wene v«rf« . a red ^ ^ in 

gree nUgh t emitting matenah and a polypheny* 

as nitrogen or argon. 

i uu Ao are combined at a ratio of Mg.Ag >> 

10 which Mg and Ag are con vacuum 

t™ addition, a material such as m 
evaporauon. In ^ rf smJCtuK , and 

smpsh ape S a reforo edus ingam a skl n gm a t ena,a tt eu m 

nitride film or a silicon nitride oxide film. 

i r v, FT laver shown here are weak with respect to 

matenal 1614. resin (such as an acrylK 

^o^uan^ac^all.ed^ace^cg.ass.a n 

alloy. 



^^^•b^**"*™"* U 6Htothesubstrateonwhichthe 

RJayers are formed. In addition, a thermally curable resin or a photo curing resin can 

i d as the adhes,e. Note that tt is necessary for the material to transmit as , e 

oxvgen and moisture as possible. A drying agent 1613 such as barium oxide ^ ^ |j 
Jed into the adhesive 16U. The passive type ELdisp.ayde.ee can thusbelormcd. 



[Embodiment 4] 

Re, 1, Shown m Eig. 17 > an apparatus which forms a polymer or g an,c Eh aycr 

I; ; cathode layer, a conductive film such as M as a supplementary electrode, and 

passivation film in succession. 

lnF ,n,re f erencenumeral401denotesacon V ey,ngchamber,a»so referred to as 

* ..onwhrchthesubstrateissetisp.acedhere. Note that theconv ^ ^ 
*o be separated into a substrate loading chamber and a substrate 

(hereafe referred to as a conveying mechanism) 405 for conveying a substrate 

^^^^^^^^^ 

20 conveymg mechanism (1) 405. 

A Plurality of processing chambers are connected to the common chamber „ 

■ umher is cut off from the common chamber tUj oy * 
processing chamber is cut 41 5 and a 

25 I n th, S case,proces S ,n g isperformedi n ani n Hetpr.nt.n g ptoces S ingcha m her415a 
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spmcoai bF vacuum evacuation 

chamber 403. 

By plaOTg „ ev— P-P * ~» Process **** P«-» 
"I , „ Co use . ^ - W a ***** — " °^ 

effective at removing moisture is preferable. 

t, u r 4 1 5 Further, as stated above, organic EL matenaLs 

15 ;: ZL^-~^-~***t« 

« convene o f t Ke su^e, fi-c *. « evacuauon ^ 
(7) 418 in a substrate conveyor chamber 414- 

25 " r^^^^^^^TZZ 
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coating methods, flight emitting layer may be formedWthe ,nk-jet method, and a 
portion of the layers, such as a hole or electron Meeting layer, or a hole or electron 
transporting layer, may be formed by spin coating. 

After completing the EL layer formation process, the gate 413 is opened and the 
5 substrate ,s conveyed to the vacuum evacuation processing chamber 412, and vacuum 
evacuation .s performed in a state where the gate 413 and the gate 406d are closed. After 
the vacuum evacuation processing chamber 412 has reached the same low pressure state 
as the common chamber 403, the gate 406d opens and the substrate ,s conveyed to the 
common chamber. 

10 NotethataHringprocessingcha m ber409iSincludedhere,butfiri n gprocess,ng m ay 
also be performed by making a susceptor of the vacuum evacuation processing chamber 
412 capable of heating. After firing, it is possrble to induce outgassing by vacuum 
evacuation. 

Formation of a cathode .s performed in a first film deposition processing chamber 
15 410. A known material is used to form the cathode. The cathode is formed by vacuum 
evaporation, and the surface of rhe substrate (the surface on which a polymer EL layer is 
formed) at that time may be facing up (face-up method) or facing down (face-down 
method). 

In the face-up method, the substrate conveyed from the common chamber 403 may 
20 be set in the susceptor as ,s, and therefore it is an extremely easy method. In the face- 
down method, , is necessary to prepare a mechanism for turning over the substrate ,n the 
conveyor mechanism ( 1) 405 or in the fust film deposition processing chamber 410, and 
therefore the conveyor mechanism ts complex. However, an advantage of little 
contaminant adhesion can be obtained. 
25 Note that when performing evaporation processing in the first film deposition 

processing chamber 1 10, it is necessary to prepare an evaporation source. A plurality of 
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evapo.a.onsou.ceftvaisobep.epa.ed.Funhe.aresSacn^e.hoaevapoo.on 

sourC e may be used, and an EB (ekctron beam) evaporauon source may a ls o be used. 

A second film deposrtron processing chamber 4U is a processing chamber for 
form mg an elecrrode by a vapor phase him deposit merhod. The formatton of the 
5 ^rl.ary eiecrrode for supplement^ the cathode rs performed here. Furrher, 
• evaporatron or spurred , used, bur evaporation rs preferred because rhe evaporate 
met hod rs less likely to impart dama g e. Whichever rs used, the common chamber 40 rs 
cur off by rhe g ate 406f, and film deposrtion is performed under a vacuum. Note that 
wh enper fo rrmng evaporatron as the vapor phase film deposrtron merhod, rr rs necessary 
10 toprovrdeanevaporar,on S ource.Theevaporatronsourcemaybesrmrlartothato t the 

te vapor phase film deposrtron processus chamber 410, and rberefore an explanarron 
re g ardrng the evaporation source is omitted here. 

" Metallrc films contatnrng an dement from perrodrc table g roup I or group 2 are 
ofren used as the cathode, but these meta.lrc films are easrly o,d,ed, and therefore rr rs 
15 preferable to prorect the surface of rhe carhode. Further, the reared film t rc ness . 
thm , and therefore a conducive film havrn g a low resrstrv.ty rs supplemental, fonne, 
lowenng the resrstance of the cathode, and rn additron, prorectrng the catho e. A 
met alUc film rnwhrchalummum,copper,orsi,verrs the mam constant ,s used as the 

low resistivity conductive film. 
20 Next, a rhrrd fifirt deposirron processin g chamber 407 rs a processus chamber for 

formmg a thrrd passrvat.on film. The thrrd passrvarton film rs formed by plasma CVD 

^^^^^^^^^^^ 

show n m the figure, componenrs such as a system for supplymg S.H„ N : 0, and NH, 

„ as es, a means of plasma g eneratron usrng a 13,6 to 60 MHZ hrgh fluency power 
25 Lrce.andameansofheatmgthesubstrateareprovided.Ehlayersmadefiomorganrc 

„,s are weak wrrh respect ro moisture and humrdity, and therefore this rype of 
pa6 s,vationfi.m maybe formed in successron, wrthout exposure to the atmosphere, afrer 



forming the EL layers. 

The most important characteristic of the thin film fanning apparatus having the 
above structure is that formation of the EL layers is performed by the ink-jet method, and 
that the means of forming the EL layers is loaded into a multi-chamber type thin film 
5 forming apparatus along with the means of forming the cathode. Therefore, beginning 
with a process of surface oration on the anode made from a transparent conductive 
film, and continuing through the process of forming the auxiliary electrode, it is possible 
to perform all processes without the substrate even once being exposed to the 
atmosphere. As a result, ,t becomes possible to form the polymer EL layer, strong against 
10 degradation, by a s.mp.e means, and it becomes possible to manufacture an EL display 
device having high reliability. 



[Embodiment 5] 

Laser crystallization is used as the means of forming the crystalline silicon film 302 
in embodiment Land a case of us.ng a different means of crystallization is explained ,n 

15 embodiment 5. 

After forming an amorphous silicon film in embodiment 5, crystallization is 
performed using the technique tecorded ,n]apanese Patent Application Laid-open No. 
He, 7-130652. The technique recorded in the above patent application is one of 
obtaining a crystalline silicon Mm having good crysta.l,n,ty by us.ng an element such as 
20 nickel as a catalyst for promoting crystallization. 

Further, after the crystallization process is completed, a process of removing the 
catalyst used in the crystallization may be performed, in this case, the catalyst may be 
ottered using the techn,querecordedin,apanesePatent ApplicationLatd-openNo.He, 
10^70363 or j apanese Patent Application Laid-open No. Het 8-330602. In addition, a 
25 TFT may be formed using the technique tecorded in the specification of Japanese Patent 



Application Serial Hei 11-076967 by the applicant of the present invention. 

Theprocessesoftnanufactunngshowninembodttnentlateoneetnbodimentofthe 
prese nt invention, and provided that the « of F, g . 5 or of R, 9C of e.bod.nrent 
, can be reaped, then otbet manufacture proce, may also be used without any 
, prohlems, as above. Note that it ts possible « ^ combine the con— of 
emb od im ent 5 w it hthecons^ 



[Embodiment 6] 

An active matrix type EL display device ot a passive type EL display device (EL 
10 modu.e, formed by tmple_ g the present invention has superior visibility m br, g ht 

a display incorporating an EL module) . 

N otethataw 1 dev 1 ew 1 n g an g lecanbe gI venasone a dvanta g ewh 1 chtheELd 1 sp 1 ay 

15 hasoverali.urdcrysta.drsplay.TheELdrsplayoftheptesent — may therefore 
he used as a display (drsp,ay monitor, havfn. a dta.ona. eo.ua! to 30 inches ot .rearer 
(wi ca,ly e q ua. to 40 rnches ot greater) for appreciation of TV broadcasts by lar g e 



screen. 



Further, not only can rt he used as an EL display (such as a personal computer 

^^^^^^^^^^ 

25 imag e reproduction devrce usrn g a records medium Really, a devrce which 
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dl (DVD)). Examples o f these semiconductor devices a, shown in F» 
20B. 

Fl „. 19A ,s an EL disp.ay, coo**, a Wv 200!, a support stand 2002, and a 
d i S p,ay portion 2003. The present — can he used in the display portion 200, 
They are especta.ly advanta g eous ror ca S e S ,n which t he screen ,s made ,ar g e, an 

which is greater than or equal to 30 inches) . 
0 H«19B I sav 1 deoca m era,c OmP ns l n g a m a I nhod,2 1 0 1 ,adis P la yP o ra on2102,an 

° • u B 7104 a battery 2105, and an image 

™ 710^ ooeration switches a oaueiy 

3Udl ° mPUt 7 L T P^ent — n can he used ,n the display 

receiving portion Z1UO. me l> 



2102. 



is used to the display device 2206. 

h CD anLD or a DVD) 2302, operation switches 2303, a display P omon (a) 
(such as a CD, an LD, ^ d[splay poItion (a, rs mainly used for dis P la y ,n g 

2 304,andadrs P lay P ort 1 on(b) 2305. The p yp [blacKr 
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device provided witfrecording medium in devices sucnf a CD reproduce device 

and game equipment. 

Ro 1 9Eisa m obileco m pu t er,co mP ris I n g a m ai n bod y 2401,aca m e ra ponion2402, 

an receive portion 2403, operation switches 2404, and a display portion 2405. 

5 The present invention can he used in the display portion 2405. 

R „ 19F is a personal computer, comprising a main body 2501, a display portion 
2503, aid a keyboard 2504. The present invention can be used in the display portion 

2503. 

Flo 20Aisamobilephone,com P nsin g ama I nbody2601,anaudioout P ut P ort.on 
10 2602,alaudio I nput P ortion2603,adisplay P ortion2604,anoperationswitches 260 5 
an antenna 2606. The EL display device is a low P ower consumption, and can 
used for display portion 2604. 

Fi. 20B is a car audio equipment of the mount type, comprising a main body 2701, 
display;ortion2702,o P erationswitches27 0 3,2704.^e E Ldispla y deviceinaccordance 

dlS play device has a wide viewing angle and exhibits excellent readability. 

The range of applications of the present invention is thus extremely wide, and it is 

the electronic devices of embodiment 6 can be reaped by using any constitution of any 

20 combination of embodiments 1 to 5 . 



[Embodiment 7] 

Fig 22 shows a microscopic photograph of a test piece on which an EL layer is 
formed using the method of the present invention. The structure of the sample 
piece hasapixelelectrodeformed from 1TO on an insulating film formed from an acrylic 
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resm, and separators formed from a light-sens.Uve acrylic resin formed so as ro form 



stripes. 



A PEDOT layer is firsr formed on rhe ITO by a liquid coaring method (spm 
coating). The ITO is hydrophobe at this point, and therefore oxygen plasma processing 
5 and CF, plasma processing are performed in order to make it hydrophrlic. 

The EL layer is formed by the ink-jet method using PPV dissolved in anisole at a 
ratio of 0.04 g to 20 mg, respectively. The gap between separation layers is 60 and 
it can be seen that the EL layers are formed in a continuous state between separation 
,ayers. simple, high-speed processing for EL layer formar.on thus becomes possible. 
10 Employment of the present invention makes it possible to form EL layers by simple 

processing and at a high speed. Also, degradation of EL elements from moisture or heat 
can besuppressed.Moreover,the,nventionpreventsana.kalimetal from diffusing from 

the EL layers and thereby affecting TFT characrerist.es. As a result, the operation 
performance and reliability of an EL display device can be greatly increased. 

Furthermore, by us,ng this type of EL display device as a display, it becomes possible 
toproducea P pl.edproducts(electronicdevice)having g oodimage q ualityanddurab l lity 

(high reliability). 
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